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Abstract 
Composite materials are mainly known for their use in high-tech applications like structural aircraft parts. Carbon fibre 
reinforced plastics are characterized by good mechanical properties and low weight, but are relatively expensive and their 
manufacturing process involves high levels of energy consumption. Due to these disadvantages, the current use of this 
material in the automotive area is limited. In this paper the energy consumption for the manufacturing process, the 
utilisation phase, and the recycling phase of three different car models will be investigated. A comparison between the 
different materials including carbon fibre reinforced plastics, aluminium and steel will be performed. Although the 
manufacturing process of carbon fibre reinforced plastics is highly energy intensive, there is an advantage in the overall 
energy consumption during the life cycle of its vehicle. 
In an additional scenario, the energy consumption of the manufacturing process for carbon composites is calculated with 
10% less energy consumption. It will be shown that decreasing the energy consumption in the manufacturing process of 
carbon composites will offer high potentials for the automotive industry to improve the energy balance with the usage of a 
high amount of carbon fibre reinforced plastics. 
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1. Introduction 
Composite materials are mainly known for the use in high-tech applications like structural aircraft parts. New generation 
aircrafts like the Airbus A350 have over 50% of composite parts as structural parts. Compared to the aviation industry, the 
share of composite parts in the automotive industry is small. Carbon fibre reinforced plastics are characterised by good 
mechanical properties and high specific strength. The disadvantages are a highly energy consuming process for the 
manufacturing of carbon composite parts and a recycling process, which is currently not on an industrial level. In this paper, 
the energy consumption for the manufacturing process, the utilisation phase, and the recycling phase of three different car 
models (Fig.1a) will be investigated and a comparison between the different materials including carbon fibre reinforced 
plastics, aluminium and steel will be performed.  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
Fig 1.a  Energy  consumption over vehicle life cycle 
 
The manufacturing process is considered in phase one. This phase is mainly driven by the assembly processes, the 
manufacturing processes, the transport processes, and the intrinsic energy, bound into the material. The second phase shows 
the energy consumption of the utilities. The key factors in the utility phase are the needed resources, mainly the fuel 
consumption, and the pollution of the environment. In the third phase, the influence of the recycling process is shown. 
Energy can be regained in these phases, either through reuse or energetic recycling. 
2. Comparison model 
For the chosen model, three different kinds of car are considered. Car one is mainly made out of carbon fibre reinforced 
plastics. For some parts like screws or rivets it is not realistic to use carbon fibre reinforced plastics (CFRP) parts. 
Therefore, some parts are still made out of metallic materials.  In this approach, car one consist therefore out of 80% CFRP, 
10% steel, and 10% aluminum. Car three is made out of steel and car two consists out of 100% aluminum. Due to the 
lightweight effect, car one is assumed to have a weight of 800 kg and a fuel consumption of 5 l/100 km. The second car, 
made out of 100% steel, weights 1400 kg. Because of the higher weight the fuel consumption is assumed to be 7 l/100 kg. 
The aluminum car is assumed to have a fuel consumption of 6 l/100kg due to a weight of 1100kg. In this approach the 
weight reduction of 100 kg causes 0.33 l/100kg savings in the fuel consumption [1]. 
  Car 1  Car 2  Car 3  
Material CFRP Steel aluminium 
Overall 
weight 
800 kg 1400 kg 1100 kg 
Fuel 
consumption 
5  l/100km 7  l/100km 6  l/100km 
Table 1: Definition of different car types 
Using these assumptions the amount of the consumed energy can be calculated. For the calculation, the values of the data 
base Pro-Bas of the german environment office are used. The recyclability of aluminium is 63% [2], for steel it is 90% [3] 
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and 25% of the CFRP can be recycled.  
 
 
Recycling rate    
Aluminium 63% 
Steel 90% 
CFRP 25% 
Table 2: Recycling rate of different materials (own assumptions) 
The energy intensity of the materials as well as the consumption in the use phase and the regain in the recycling phase are 
 Energy intesity is defined as energy use per unit of 
material produced. 
 
The energy intensity of aluminum is described to be 140,8 MJ/kg [5], while the energy intensity of steel is 34,5 MJ/kg [6]. 
For carbon fibre reinforced plastics, few reliable values for the energy intensity are available. In this model the amount of 
resin is 40% and the amount of carbon fibres is 60%. The usage of an epoxy resin is assumed. Epoxy resin has a energy 
intensity of 80 MJ/kg [7]. For the carbon fibre an intensity of 400 - 500 MJ/kg [8] is described.  
 
composite  = fibre fibre + resin resin  (1) 
 
Using this formula, the enery intensity is calculated to be 240 MJ/kg. These data are the basis for the follwing calculations. 
Due to the uncertainty of the energy intensity for CFRP the highest value 284 MJ/kg, available in current literature, is used. 
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Figure 1b: Amount of consumed energy for each phase in a ratio of the overall energy consumption 
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3. Calculation of energy consumption for each phase 
The amount of energy consumer per each phase, depicted as a percentage of the overall consumption, the different 
distributions of energy consumption for the different materials can be seen (Fig. 1b). 
For car one, made of CFRP, nearly 30% of the overall energy consumption is attributed to the manufacturing phase. 
Compared to car 2, which is completely made out of steel, this is four times more energy consumption in the manufacturing 
process. The manufacturing process of carbon fibres is associated with high energy consumption. It is based on a precursor, 
mainly polyacrylnitrile (PAN). The first production step is the stabilisation and the oxidation. The second step is the 
carbonization. The energy consumption in the manufacturing of the aluminium is also high as it contributes to over 20% of 
the overall energy consumption. 
 
In the utilisation phase, the energy consumption of the steel car is the highest. Over 90% of the overall energy consumption 
for the steel car is needed in the utility phase due to the fuel consumption driven by the high weight. Compared to the 
energy consumption of steel, nearly 15% energy can be saved using aluminium and almost 25% energy can be saved with 
the use of CFRP.  
 
 
With a high amount of fibre reinforced plastics, high savings of the fuel consumption are possible due to the reduced 
weight.  
In the recycling process, the highest amount of energy can be re-extracted for the aluminium car. Steel can be recycled very 
well but the effort to manufacture cars out of steel has a low amount of energy consumption. Therefore, the energy balance 
in the recycling process cannot be improved significantly. For CFRP, the recycling process is not on an industrial scale. 
Research and development activities are ongoing but the fibres can only be reused as short fibres. Due to the high energy 
consumption in the manufacturing, there are high energy saving potentials in this area. This is a good base for following 
development and research activities.  
 
 
 
Figure 2: Energy consumption for the automotive sector  break-even point 
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4. Calculation of break-even points for chosen model 
The energy consumption for the automotive sector is shown for each car model for a distance of 250,000 km (Fig.2). The 
car will be recycled after this distance. A ranking is performed after considering the energy recovery from the recycling 
process for the different materials. In this ranking, CFRP is on the first place with the lowest energy consumption for this 
calculated model. Until the end of the utility phase, steel is on  second place. However, due to the high energy recovery in 
the recycling process, aluminium takes this second place after considering the recycling process. Steel is on the third place 
and has the highest total energy consumption at the end of the three phases. 
 
Carbon composites start with the highest energy consumption in the manufacturing phase. In the utilisation phase, the 
break-even point compared to the energy consumption of aluminium is after 110,000 driven kilometers. Compared to the 
overall energy consumption of  steel, the break-even point is at 210,000 km. 
 In an average car lifecycle, there will be savings in the overall energy consumption using carbon composites even with a 
low recycling rate of 25%. The high energy consumption in the  manufacturing process of CFRP can be compensated in the 
utilisation phase. 
 
 
Figure 3: Technology performance of materials; s-curve concept [9] 
5. Technical performance of materials 
The technical readiness level of the steel technology is on a very high level. Steel has been used for a long time and there is 
a lot of experience in the handling of steel. The status of development is on a high level and there is only a small 
improvement potential. Aluminium has also been used for over 50 years and there were many developments over the last 
two decades. Due to the low density of aluminium and good mechanical properties, the technology possibilities are 
generally on a higher technical performance level compared to steel concerning lightweight efficiency. CFRP came in use 
long time after steel and aluminium. There is less usage in the automotive industry and less experiences compared to steel 
and aluminium. There is particulary a great lack of knowlege and experiences in the automatisation of lay-up processes and 
other manufacturing processes. The technical possibilities for carbon composites are on a high level due to the excellent 
mechanical properties and the low weight. Today, there is a high potential in the development process, especially in the 
automatisation sector of composites. These research activities are necessary to be able to use the full technology potentials 
of CFRP and decrease the manufacturing costs of this material. 
 
From the economical point of view the s-curve concept of the technology performance of the materials can be summarized 
as follows: With high investments and a lot of research activities a small optimization of the technical performance of steel 
can be realised. However, large technical performance optimization can be realized for  CFRP using the same investments 
and research effort.  Based on the high improvement potential of the technical performance readiness, the calculation of the 
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energy consumption for the three different kinds of cars is done again. For CFRP, the manufacturing costs are assumed to be 
10% less compared to the first calculation. Instead of an energy intensity of 276 MJ/kg for CFRP in the manufacturing 
process, the calculation is done with an energy intensity of 255,6 MJ/kg. All other assumptions are not changed.  
 
 
Figure 4: Energy consumption for automotive sector; break-even points for scenario 1 
6. Scenario 1: 10% less energy consumption in manufacturing process 
With the decreased energy consumption in the manufacturing process of CFRP, the break-even point  changes significantly. 
Deceasing the manufacturing erergy consumption of CFRP by 10% lowers the break-even point between aluminium and 
CFRP to almost half of its former value. The usage of CFRP compared to aluminium would be worthwhile after 60,000 km. 
The break-even point in the energy consumption of CFRP compared to steel is 38,000 km earlier. Energy consumption is 
significantly lowered after 20% of the driven kilometres compared to aluminium through lowering the manufacturing 
energy consumption by almost 20 percent. With small improvements in the manufacturing costs of carbon fibre reinforced 
plastics, large improvements in the utilisation phase are possible and it will be much more worthwhile to use CFRP from an  
energetic balance point of view. 
 
7. Conclusion and way forward 
The calculated models show that the usage of a high amount of carbon fibre reinforced plastics in the automotive sector 
is a good possibility to improve the energy balance. In scenario 1, it is shown that small improvements in the manufacturing 
process of carbon composites have a large improvement potential in comparison to aluminum and steel. An optimized 
recycling process and an improved manufacturing process of the carbon fibres have to be investigated and developed in 
particular. The increasing use of lightweight materials offers good saving potentials in the energy consumption in the 
automotive sector. It is mandatory to reduce the energy consumption in the manufacturing process to achieve an optimized 
usage for the potential of carbon composites. 
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